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ABSTRACT

A user non-configurable, fixed-location, side-lookiJ1g sonar system was used to estimate chum
salmon (Oncorhynchus keta) escapement in the Sheenjek River during the 36-day period 8 August
through 12 September 2000. The sonar-estimated escapement of 18,652 chum salmon through 12
September was subsequently expanded to a total abUJ1dance estimate of 30,084 using mean run
timing data from 1986-1999. This is 53% below the minimum escapement goal of64,OOO fish and
the third lowest chum salmon escapement observed to this river. Although the sonar project
termmated early in 2000, the entry pattern of chum salmon revealed a single mode, with peak
passage occurring on 8 September. Daily upstream migration was primarily confIned to periods of
darkness or suppressed light with greatest movement (78%) occurring between 2000 and 0900
hours.

Range of ensonification was considered adequate for detection of the majority of fish passing the
sonar site and most fish pas ing through the acoustic beam were nearshore oriented. However, the
passage estimate should be considered conservative since it does not include fish passing beyond
the cOUJ1ting range (including along the UJ1ensonified far bank), fish present before sonar equipment
was in operation, or fish passing upstream after counting ceased. Variations in Sheenjek River water
levels and velocities, together with migration behavior of upstream migrant chum salmon, can affect
the ability of hydroacoustic equipment to enumerate salmon passage. However, these deviations
were accowlted for by regularly comparing sonar COUJ1ter output to visual observations on an
oscilloscope.

A newly purchased split-beam sonar system was operated over a two-week period at the Sheenjek
River project site for experimental purposes in 2000.

KEY WORDS: Chum salmon, Oncorhynchus keta, sonar, hydroacoustics, escapement,
enumeration, Yukon River, Porcupine River, Sheenjek River
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TRODUCTIO

Although five species of anadromous Pacific salmon Oncorhynchus are found in the Yukon River
drainage, chum salmon 0. keta are the most abundant and occur in genetically distinct sununer and
fall runs (Wilmot et al. 1992; Secb et al. 1995). Fall chum salmon are larger, pawn later, and are
less abundant than summer chum salmon. They primarily spawn in the upper portion of the
drainage in streams that are spring fed, usually remaining ice-free during the winter (Buklis and
Barton 1984). Major fall chum salmon spawnUlg areas occur within the Tanana, Chandalar, and
Porcupine River systems, as well as portions of the upper Yukon River in Canada (Figure I).

Ill-river Fisheries

Yukon River fall chum salmon are in great demand commercially and especially desired for
subsistence use. Commercial harvest is permitted along the entire mainstem river in Alaska as well
as in the lower portion of the Tanana River. 0 commercial harvest is permitted in any other
tributaries of the drainage including the Koyukuk and Porcupine River systems. While commercial
harvest also occurs in the Canadian portion of the Yukon River near Dawson, the majority of fish
taken commercially occurs in the Alaskan portion of the lower river, downstream of the village of
Anvik. Fall chum salmon use as a subsistence item is greatest throughout the upper river drainage,
upstream of the village of Koyukuk.

Although the Ala kan commercial fishery for Yukon River fall churn salmon developed in the early
1960's, annual harvests remained relatively low through the early to mid-1970s. Estimated total in­
river utilization (U.S. and Canada commercial and subsistence) of Yukon River fall churn salmon
was below 300,000 fish per year prior to the mid-1970s (Table I). However, in-river commercial
fisheries became more fully developed during the late 1970's and early 1980's, with total utilization
averaging 536,000 fish from 1979-1983. Harvest peaked in 1979 at 615,000 and in 1981 at 677,000
fish. Since the mid-1980's management strategies have been implemented to reduce commercial
exploitation on fall chum stocks in order to improve upon low escapements observed throughout the
drainage during the early 1980's. In 1987 a complete closure of the commercial fall chum fishery
occurred in the Alaskan portion of the drainage, while in 1992 commercial fishing in Alaska was
restricted to only a portion of the Tanana River during the fall season. In addition to a commercial
fishery closure in 1993, that year marked the first in State history that a total river closure to
subsistence fishing occurred in the Yukon River. The closure was in effect during the latter pOltion
of the fall season in response to the extremely weak fall churn salmon run in that year.

Yukon River fall churn salmon runs improved somewhat from 1994 through 1996. While limited
commercial fishing was permitted in the Alaskan portion of the upper Yukon and Tanana Rivers in
1994, commercial fishing was permitted in all districts throughout the Alaska portion of the
drainage in 1995. However, in 1996 limited commercial fishing was permitted only in selected
districts of the mainstem Yukon River, with none being permitted in the Tanana River.

Poor salmon runs to We tern Alaska in 1997, 1998, and 1999 again resulted in partial or total
closures to commercial fishing in the Alaskan portion of drainage. Conunercial fishing was only



pemutted in the Tanana River in 1997, while a total commercial fishery closure was required in
1998. A very limited commercial harvest was pennitted in 1999.

Escapement Assessment

During the period 1960 through 1980, only various segments of annual runs of Yukon River fall
chum salmon were occasionally estimated from mark-and-recapture studies (Buklis and Barton
1984). Excluding these tagging studies and apart from aerial assessment of selected tributaries since
the early 1970's, comprehensive escapement estimation studies were sporadic and limited to only
two streams. the Delta River (Tanana River drainage) and the Fishing Branch River (Porcupine
River drainage). However, comprehensive escapement assessment studies intensified on major
spawning tributaries throughout the drainage subsequent to the early 1980s.

One of the most intensely monitored spawning streams during t1us period has been the Sheenjek
River. Although escapement observations date back to 1960 when the USFWS reported chum
salmon spawning in September, the best database consists of the 26-year period 1974-1999. Prior to
1981 escapement observations in the Sheenjek River were limited to aerial surveys flown in late
September and early October (Barton 1984a). Subsequent to 1980, escapements were monitored
annually using fixed-location, single-beam sonar systems (Barton 1982, 1983, 1984b, 1985, 1986,
1987, 1988,1994,1995, 1999,2000). However, an early segment of the fall chum salmon run was
not included by sonar counting operations from 1981 t1ltough 1990 due to late project startups
centered around 25 August. By comparison, average startup during the period 1991 through 1999
was 8 August, more than two weeks earlier than in previous years. However, sonar-estimated
escapements for the years 1986 through 1990 were subsequently expanded to include fish
passing prior to sonar operations (Barton 1995). Tennination of sonar counting has been more
consistent over the years, averaging 25 September for the period 1981 through 1999. This report
presents results of studies conducted in 2000.

Study Area

The Sheenjek River is one of the most important producers offaU chum salmon in the Yukon River.
Located above the Arctic Circle, it heads in the glacial ice fields of the Romanzof Mountains, a
northern extension of the Brooks Range, and flows southward approximately 400 km to its tenninus
on the Porcupine River (Figure 2). AltllOugh created by glaciers, the river has numerous clearwater
tributaries. Water clarity in the lower river is somewhat unpredictable, but is generally clearest
during periods of low water; water level normally begins to drop in late August and eptember.
Upwelling ground water composes a significant proportion of the river flow volume, especially in
winter, and it is in these spring areas that faU chum salmon spawn, particularly within the lower 160
km. The sonar project site is located approximately 10 km upstream from the mouth of the river.
Annual escapement estimates averaged 91,000 spawners for the period 1986-1994 and
approximately 123,000 spawners for the most recent 5-year period of 1995-1999. At present, there
is a minimum biological escapement goal (BEG) of 64,000 fall chum salmon established for this
river. Tills goal is based upon hydroacoustic assessment of the run during the period approximating
25 August through 25 September (Buklis 1993).
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Objectives

The overall goal of the Sheenjek River fall chum salmon study in 2000 was to estimate timing
and magnitude of adult salmon escapement for in-season management purposes, and monitor
quality of the escapement from age, sex and size information collected from sanlpled portions of
the run. A secondary goal was to lend support in testing a newly purchased split-beam
hydroacoustic system. To accomplish these goals, the following specific objectives were
identified:

• Document timing and magnitude of chum salmon escapement using fixed-location, side
looking hydroacoustic techniques,

• Estimate age, sex and size composition of the spawning population from sampled portions of
the escapement using a beach seine as the capture technique,

• Mortitor selected climatological and hydrological parameters daily at the project site for use as
baseline data, and

• Provide labor and logistical support, and receive preliminary training in use of a newly
purchased split-beam hydroacoustic system for potential replacement of the existing single
beam system.

METHODS

Hydroacoustic Equipment

A user non-configurable, fixed-location, side-looking fisheries hydroacoustic system developed by
the Hydrodynamics Division of Bendix Corporation2 was used to estimate chum salmon abundance
in the Sheenjek River in 2000. Fish passage was mortitored with a 1985-model transceiver and
transducer deployed from a right-bank) point bar at the historic sonar site (Figures 3 and 4).

Bendix side-looking transducers have co-axial, circular cross-section narrow (2°) and wide (4°)
beam dimensions. Sampling ranges for the narrow and wide beams are each variable to 30 m but
designed for optimum performance at 18.3 m and 9.1 ill, respectively, The transceiver can be
operated on either the narrow or wide beam independently, or by alternating acoustic pulse
transmissions between the two beams. In the latter mode (that used on the Sheenjek River) the
nan'ow and wide beams mortitor fish passage in the outer and inner halves of the sampling range,
respectively.

, Reference to trade names does not imply endorsement by the Alaska Deparunent of Fish and Game.
l Reference to right or left bank is determined by looking downstream.
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The transceiver maintains a record of the spatial distribution of fish estimates based upon
distance of the acoustic target from the transducer. Fish estimates wcre tallied and stored into
dynamic memory by 16 equal range intervals or sectors. A tape printout showing the number of
tallies (counts) by sector was printed each hour. The transceiver was designed to alert the system
operator of potential "debris counts" when 24 counts in anyone electronic sector occur in a 35­
second period. Under such conditions, a "debris" code appears on the printout tape next to the
suspect counts for the sector and hour in which they occur. Examples of factors that can result in
"debris counts" include passage of debris through the ensonified water column, driving rain,
snowfall, misaimed beam toward river bottom or water surface, high density of fish passage, and
holding or spawning fish. In addition, a "rock inhibit" feature was designed into this counter to
facilitate the system operator in maintaining aim of the acoustic beam as close to the natural
bottom substrate as possible.

While other operational characteristics of Bendix hydroacoustic systems and procedures can be
found in Bendix Corporation (1978) and Ehrenberg (undated), it should be noted that the 1985­
model transceiver used in 2000 was modified after production to allow the system operator to
lower the pulse repetition rate to a level that would not have previously been possible. This
alteration was to better accommodate relatively slow chum salmon swimming speeds (A. Menin,
Hydroacoustic Consulting, Sylmar, California, personal communication). The modification
increased the system operator's ability to reduce the degree of positive bias associated with over­
counting.

Site Selection and Transducer Deployment

The modular alununum substrate designed for use with Bendix sonar systems has not been used
on the Sheenjek River since 1984, due to salmon avoidance problems observed in previous years
when the substrate was used (Barton 1985). The relatively gentle-sloping river bottom at the
historic counting location has facilitated not having to use the substrate. A detailed bottom
profile was obtained after initial transducer placement at the counting location by stretching a
rope across the river and mea uring water depth with a pole every 3-m. The transducer was
mounted on a pod made of galvanized steel water pipe (Barton 1997) and deployed from the
right-bank point bar. The pod was secured in place with sandbags and designed to permit raising
and lowering the acoustic beam by using the two riser pipes that extended above the water. Fine
adjustments were made with the knurled knobs that attached the transducer plate to the pod. The
transducer was deployed in water ranging from approximately 0.5 to 1.0 m in depth, and aimed
perpendicular to the current along the natural gravel substrate. An attempt was made to ensure
the transducer was deployed at locations where minimum surface water velocities did not fall
below approximately 30-45 cm/s.

The system operator used an artificial acoustic target during deployment to ensure transducer
aim was low enough to prevent salmon from passing undetected beneath the acoustic beam. The
target, an airtight 250 ml weighted plastic bottle, was allowed to drift downstream along the river
bottom and through the acoustic beam. Several dri fts were made with the target in an attempt to
pass it through each electronic sector of the counting range. When the transducer was properly
aimed, the target appeared as a vertical deflection (spike) on an oscilloscope screen as it
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transected the acoustic beam at any given distance. The target mayor may not have
simultaneously registered a count (or multiple counts) on the sonar counter, depending upon the
length of time it remained in the acoustic beam as it drifted downstream along the river bottom.

As in previous years, a fish lead was constructed shoreward from the transducer to prevent
upstream salmon passage inshore of the transducer. Fish leads wcre con tructed using 5 cm x 5
cm by 1.2-m high Tuflink-brand fencing and 2.5 m metal "T" stakes. Leads were constructed so
as to include the nearfield "dead range" of the sonar transducer. Whenever a transducer was
relocated because of rising or falling water level, the inshore lead was shortened or lengthened as
appropriate, and the arti ficial target used to ensure proper re-aiming. A 5-m aluminum counting
tower was also deployed near the transducer to facilitate visual and electronic calibrations when
water conditions permitted.

SOllar Calibratiolls alld COUllt Adjustmellts

Daily comparisons (termed calibrations) were made between oscilloscope observations and
automated counter output to determine if the number of fish registered by the sonar counter
equaled the number of fish observed passing through the acoustic beam. A minimum of six, 15­
to 30-minute calibrations were targeted each day within the following time periods: 0001-0 I00
hours; 0300-0400 hours; 0600-0700 hours; 1100-1200 hours; 1600-1700 hours; and 2100-2200
hours. Duration of calibrations was based upon the following criteria: I) stop calibration at 15
minutes if less than 10 fish are observed; and, 2) extend 15-minute calibration to 30 minutes if 10
or more fish are observed in the first 15 minutes.

Calibration results were used to adjust automated passage estimates on a daily basis for positive
or negative bias. Adjustment periods were defined by the time between individual calibrations.
An associated adjustment factor (A), specific to each adjustment period (i) was calculated as:

where:
OC,
SC,

A = OC,
I OS,

= oscilloscope count; and,
= sonar count for adjustment period i.

(I)

Unadjusted hourly sonar passage estimates were multiplied by adjustment factors for each hour
within the associated adjustment period. The resulting corrected hourly sonar estimates were

summed, yielding the estimated daily passage (b) of fall chum salmon, and is calculated as

b =2. (A,SC, )

5
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Sonar counts caused by fish other than salmon were assumed to be insignificant based upon
historic test fishing records collected at the site. Counts identified as "debris" on printout tapes
were deleted and replaced by linearly interpolated values prior to making adjustments. Linear
interpolation was also used to estimate missing sector counts as a result of occasional printer
malfunctions. Interpolated values for a given electronic sector were based upon registered counts
for that sector in the preceding and following hour. Missing hourly blocks for a given day were
estimated by extrapolation using seasonal average hourly passage rates from days when sonar
functioned 24 hours.

Adjustments to the pulse repetition rate (PRR) or ping rate of the sonar counter were made to
minimize over-counting (positive bia ) or under-counting (negative bias). Over- or under­
counting primarily results from changes in salmon swimming speeds that may be related to
fluctuations in water level and velocity, photoperiod, or fish densities (Barton 1985, 1986, 1987,
1995). Although a few occasions arose when the ping rate was subjectively changed based upon
a qualitative evaluation of fish passage rates, the ping rate was generally changed at the end of
any calibration when the oscilloscope count exceeded 59 per hour and differed by more than
15% from the sonar count. The new ping rate was calculated as the sonar count divided by
oscilloscope count, times the current PRR setting. If passage rates during calibrations on any
given day never exceeded 59 fish per hour, the ping rate was changed at 2400 hours of that
particular day. However, this change was made only if the sum of sonar counts during all of the
day's calibrations differed from the sum of oscilloscope counts from all calibrations by more than
15%. Otherwise, the dial setting was left unchanged.

Test Fishillg alld Salmoll Samplillg

Region-wide standards have been set for the sample size needed to describe the age composition of
a salmon population. These apply to the time period or stratum in which the sample is collected.
Sample size goals are based on a one-in-ten chance (precision) of not having the true age proportion
(Pi) within the interval pi ± 0.05 for all i ages (accuracy).

Ba ed upon age determination from scales, it has been established that a sample size of 160 tish per
stratum is needed for chum salmon assuming two major age classes with minor ages pooled, and no
unreadable scales. Since the preferred method of aging Yukon River fall churn salmon when in
close proximity to their natal streams is from vertebrae collections, and allowing for 20%
unreadable vertebrae, the Sheenjek River sample size goal was to sample approximately 30-35
chum salmon per week up to a maximum of 200. All length measurements on chum salmon were
made to nearest 5mm and measured from mid-eye to fork-of-tail. Due to the sexual dimorphism in
adult salmon as they near their natal spawning streams, sex determination was generally based upon
external examination. However, whenever in question (and given that fish were sacrificed for
vertebra collection), an incision was made along the ventral area of fish to examine gonads for
positive sexual identification.

An adult salmon beach eine was periodically fished at different locations between the sonar site
and approximately 10-12 km upstream to collect adult salmon for age, sex, and size composition.
The beach seine (3-inch stretch measure) was 30 m in length by 55 meshes deep (-3 m). The seine
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was dyed green, constructed of#18 twinc, possessed 3x5-inch high-density, non-grommet oval poly
floats spaced approximately 45 cm apart, had a 115-120 Ib lead line and 1/2 in (1.3 cm) float line.

Climatological and Hydrological Observations

A water level gauge was installed at the sonar site and monitored daily with readings made to the
nearest centimeter. Instantaneous surface water temperature was measured daily with a pocket
thermometer. Minimum and maximum air temperatures, maximum wind chill factor, and wind
velocity and direction were measured daily with a Weather Wizard III weather station. Other
daily observations included recording the occurrence of precipitation and estimating perccnt
cloud cover. Climatological observations were recorded at approximately 1800 hours daily.

Logistical Support to Split Beam Sonar Feasibility Work

During the period 29 August and 9 September, on-site personnel for the Bendix sonar counting
operations provided logistical support in testing of a newly purchased split-beam hydroacoustic
system from Hydroacoustic Technology, Inc. (HTI) as a potential replacement for the Bendix
single beam system. The field crew assisted in setting up and deployment of the new equipment,
received hands-on operation/training of the split-beam system, and aided in dismantling and
removal of the HTI equipment from site. Specific results of the HTI spHt-beam testing operation
can be found in Pfisterer and Geiger (In Prep).

RESULTS

River and Sonar Counting Conditions

Location of transducer deployment in 2000 approximated the same place on the point bar used in
most previous years. River bottom at the counting location sloped gently from the convex bank
(right-bank, point bar) at a rate of approximately 5.4 cmlm (bottom slope = 5%) to the shelf-break
that lay approximately two-thirds of the way across the channel on 9 August (Figure 5). River width
measured 62 m and much of the nearshore zone along the concave, left cutbank was cluttered with
fallen trees and other woody vegetation. Water depth near the thalweg exceeded 3 m.

Relatively low water conditions prevailed at the sonar counting site in 2000. With respect to when
the water gauge was first installed on 7 August, water level fell during the first week by an overall
21 cm. It remained at that level until 21 August, after which a 19 cm-rise occurred over the next two
days. Subsequent to 23 August, water level had fallen 32 cm by 12 September and extremely
shallow conditions were rapidly worsening in the lower river (Figure 6 and Appendix A). Although
sonar counting could have likely continued for some days inunediately at the project site, it was
considered necessary to terminate early 10 ensure the project riverboats and equipment could be
safely removed.

7



Fluctuations in water level affected placement of the transducer with respect to shore, and in tum
the proportion of the river ensonified. The unensonified river zone measured from the cutbank
approximated 20 m from 8 through 15 August, or approximately 31 %. Subsequent to 15 August
the unensonified zone was approximated 15 m or 26% of the river's width. Water temperature at
the project site in 2000 ranged from 11°C on 11 August to 8°C on 12 September based upon
instantaneous surface measurements (see Appendices A).

Abulldance Estimation

The 2000 sonar-estimated escapement was 18,652 chum salmon for the 36-d period 8 Augu t
through 12 September (Table 2 and Appendix B). During the period of operation, sonar counts
were adjusted daily for positive or negative bias based upon oscilloscope calibrations. A total of
194 calibrations averaging 19 minutes in duration were made (Appendix C). This approximated
62 hours or approximately 7% of the total number of hours the sonar counter was functional. An
attempt was made to weight calibrations to periods of the day when upstream salmon migration was
heaviest (Figure 7). For example, an average of 33% of the calibrations were made between 000 I
and 0600 hours, corresponding to an average daily fish passage e timate of 43% for the same block
oftime. Similarly, an average of 15% of the calibrations were made between 1200 and 1800 hours,
corresponding to an average daily fish passage estimate of 13% for that period of time.

Temporal and Spatial Distributioll

Very few chum salmon were present in the river when sonar counting was initiated on 8 August as
evidenced by only 42 fish estimated passing the project site. Daily passage estimates remained low
through termination of the project, averaging only 518 fish per day. Although the sonar project
ended early in 2000, the entry pattern of chum salmon exhibited a single mode with peak passage
(-1,500) observed on 8 September (Figure 8). An estimated 726 Chunl salmon passed the project
site on 12 September, the final day of sonar sampling.

The diel pattern in migration of Sheenjek River chum salmon typically observed in most years was
again manifested in 2000 (Figure 9 and see Appendix B). Upstream migration was heaviest in
periods of darkness or suppressed light, with fish moving in greater numbers close to shore. On
average, greatest passage was observed between the hours of approximately 2000 and 0900 of the
following day (-78%), with the peak occurring between the hours of 0300 to 0500 (-16%). With
ensuing hours of daylight, upstream migration lessened and fish moved farther from shore. The
period of least movement in 2000 occurred between approximately 0900 and 2000 hours « 22%).

For the most part, migrating chum salmon were shore-oriented, passing through the nearshore
sectors of the acou tic beam. Although a bimodal pattern was manifest in the spatial distribution of
sonar counts, approximately 97% of the fish counted were estimated passing through the first ten
electronic sectors, or within approximately 20 rn of the transducer (Figure 10). Less than I% was
observed passing in the outer-most sectors (sectors 12 through 16). Approx.imately 37% of the
counts occurred in the first 4 sectors and 42% in the middle sectors (7 through 10). The bimodal
nature in spatial distribution of fish across the acoustic sampling range can be partially explained by
a shift in fish movement away ITom shore during daylight hours.
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Age-Sex-Size Composition

Estimation of salmon abundance received the highest priority at the Sheenjek River project site.
Although an attempt wa made to collect age, sex and size information in 2000, no salmon
samples were obtained due to the weak chum salmon run, and the requirement that ages be
determined from vertebrae.

DISCUSSION

The 2000 sonar-estimated escapement of churn salmon in the Sheenjek River is considered
conservative because it does not include fish that passed the site before or after sonar sampling,
nor does it include fish that passed beyond the range of the acoustic bearn, including along the
unensonified far bank. Drift gillnetting results during the period 1981-1983 at the historic sonar
sampling site demonstrated that distribution of upstream migrant chum salmon was primarily
confined to the right side of the river, with only a small (but unknown) proportion pas ing
beyond the sonar counting range (Barton 1982, 1983, 1984b). Barton (1985) further
hypothesized from investigations in 1984 that although dispersed throughout the river well below
the sonar site, upstream-migrant chum salmon orient toward the right bank hefore reaching the
sonar sampling location due to physical and hydrological conditions of the river at that location.

While no attempt was made to estimate fish passage in the unensonified river zone in 2000, it is
believed to have been comparatively small based upon a review of the spatial distribution of fish
by electronic sector. There was some question however, that perhaps a larger than usual passage
of fish moving upstream undetected through the outer sectors of the ensonified water zone may
have occurred in 2000 due to the lower than normal water conditions encountered; tlus being a
function of transducer placement and active counting range in relation to where the shelf break
was located. The question centered on whether or not a substantial (or greater than usual) number
of fish may have passed undetected beneath the sonar beam where it extended beyond the shelf
break. However, limited data collected with the split-beam sonar system at the project site in
2000 suggested this was not likely a major source of error. Pfisterer and Geiger (In Prep)
concluded from linlited data collected over a 25-hour period on 5-6 September with the split­
beam counter that only II valid upstream targets were observed with an offshore transducer that
was placed so as to ensonify the deeper water beyond the shelf break, to the thalweg. During the
same period, in excess of 940 fish were estimated passing through the near shore zone by the
Bendix sonar counter. These limited data suggest that no more than approximately I% of
upstream targets may have passed undetected.

Although sonar has been used to monitor chum salmon escapements in the Sheenjek River since
1981, only since 1991 have estimates been obtained for comparable time periods i.e., for the period
approximating 8 August through 25 September (Barton 1999). However, Barton (1995) used Run
timing data collected from the nearby Chandalar River to expand Sheenjek River run size estimates
for the years 1986-1988 and 1990 lO a comparable time period, while the 1989 estimate was
expanded based upon aerial survey observations made prior to sonar operations in that year
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(Appendix D). Based upon average run timing data for 1986-1999, approximately 85% of the
Sheenjek River fall chum salmon run (through tbe end of September) materializes subsequent to 24
Augu t, with the central half of the run passing from 30 August through 17 September (Appendix
E). The historical median day of passage is 8 September. Ending early on 12 September in 2000,
after operating for only 36 days, the cumulative abundance estimate was 18,652 chum salmon.
Estimating from Appendix E that an average of 62% of the run on the average should be present by
12 September, places a total escapement estinlate for the Sheenjek River at 30,084 Chunl salmon.

Barton (1995) pointed out that sonar-estimated escapements in the SheerUek River should be
viewed in context with dates of project operation (Table 2), and that the BEG be considered a
minimum-desired number of chum salmon passing the sonar site subsequent to 25 August. The
escapement estimate in 2000 approximated only 30,084 chum salmon after being expanded for
the early termination on 12 September. This is 53% below the minimum escapement goal of
64,000 chum salmon. Estimated escapement subsequent to 25 August approxinlated only 25,124
chum salmon, or 84% of the total estimate. This is the third lowest escapement observed to this
river since inception of sonar counting operations in 1981 (Figure II), and is considered a total
run failure given the major parent year escapement levels of 241,900 in 1995 (returning age-5
fish) and 246,900 in 1996 (returning age-4 fish).

The poor escapement estimate to the Sheenjek River was consistent with escapement trends for
other Yukon River areas. Escapement in the Chandalar River was estimated at 65,900 chum salmon
for the 50-d period of 8 August through 26 September (Osborne and Melegari, I" Press). The
median day of passage was recorded on 5 September, with the central half of the run observed
between 28 August and 15 September. This escapement estimate (using split beam sonar) was 26%
lower than the 1999 estimate (88,700 fish) and 61 % below the 1995-1999 average of 170,700 chum
salmon--the only other years when split beam sonar was used in this river. No fall chum salmon
escapement goal has been established for the Chandalar River.

Low numbers of returning fish were also reported in the Canadian portion of the Yukon River
drainage in 2000. In the Fishing Branch River only 5,000 chum salmon passed the Department of
Fisheries and Oceans weir during the 47-d period of 28 August through 13 October (HC 2001).
This was the lowest escapement on record and 90% below the m.inimum escapement goal of 50,000
fish. It is also considered a total run failure. The 2000 estimate of spawning escapement for
Canadian upper Yukon River fall chum salmon was 55,362 fish, 31 % below the minimtml
escapement goal of 80,000 chum salmon (HC 200 I).

Tinlely reporting of daily passage estimates at the Sheenjek River project site corroborated other
in-season indicators that the 2000 Yukon River fall chum salmon run was extremely weak. No
fall chum salmon BEG was achieved throughout the drainage and escapements to most areas
were among the poorest on record; continuing a trend of very low salmon runs to some western
Alaska river systems. Fall chum salmon runs in the Porcupine and Tanana Rivers were
considered Iota I failures, given the large parent year escapements in these drainages in 1995 and
1996.
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Table I. A laskan and Canadian tala I utilization of Yukon River fall cnum salmon. 1961·2000.
(Tnkcn from lTC, 2001).

Year Canada· A :Bska SoC Total
1961 9,076 144,233 153,309

1962 9,436 140,401 149,837

1963 27,696 99,031 • 126,721
1964 12,181 128,701 140,894-
1965 11,789 135,600 147,389
1966 13,192 122,548 135,740
1967 16,961 107,018 123,979
1968 11,633 97,552 109,185
1969 7,776 183,373 191,149
1970 3,711 265,096 268,807
1971 16,911 246,756 263,667
1972 7,532 188,178 195,710
1973 10,135 285,760 295,895
1974- 11,646 383,552 395,198
1975 20,600 361,600 382,200
1976 5,200 228,117 233,917
1977 12,479 340 ,757 353,236
1978 9,566 331,250 340,816
1979 22,084 593,293 615,377
1980 22,218 466.087 488,305
1981 22,281 654,976 671,257
1982 16,091 357,084 373,175
1983 29,490 495,526 525,016
1984 29,267 383,055 412,322
1985 41,265 414,216 515,481
1986 14,543 303,485 318,028

1987 44,480 361,663 • 406,143
1988 ]] ,565 319,677 353,242
1989 23.020 518.157 541,177
1990 33,622 316,478 350.100
1991 35,418 403,678 439,096

1992 20,815 128,031 148,846

1993 14,090 16,925 '" 91,015
1994 38,008 131,217 169,225
1995 45,600 415,547 461,147
1996 24,354 238,686 263,040

1997 15,580 154,479 170,059

1998 7,901 62,869 • 70,770

1999 19,506 110,369 • 129,875

2000 9,236 18,920 '" 28,156
AveI3ge
1961-89 17,787 300,598 318,385
1990-99 25,489 203,828 229,317
1996-{)0 15,315 117,065 132,380

• Caten in nil mber of salmon, Includes commercial. Aboriginal, domestic and sport catches combined.

to Clncn in number of salmon. Includes estimated number of sillman harvested for commercial

production of salmon roe.

C Commercial, subsistence. personal~useand ADF&G test fish cotches combined.

" Commercilll fishery did not operate in AloskJn portion of drainage.

~ Commercial fishery operated only in Oistriel6 (Tanana River).

r Subsistence fishery closure .

• Commercial fishery operated only tn lower Yukon fisnmg distflcts.
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Table 2. Operational dates of sonar sampling in the Sheenjek River for the period

1981-2000.

Starting Ending Project Sonar Expanded
Year Date Date Duration Estimate Estimate

1981 31-Aug 24-Sep 25 74,560
1982 31-Aug 22-Sep 23 31,421
1983 29-Aug 24-Sep 27 49,392
1984 30-Aug 25-Sep 27 27,130
1985 02-Sep 29-Sep 28 152768

1986 17-Aug 24-Sep
a

39 83,197 84,207
1987 25-Aug 24-Sep 31 140,086 153,267
1988 21-Aug 27-Sep 38 40,866 45,206
1989 24-Aug 25-Sep 33 79,116 99,116
1990 22-Aug 28-Sep 38 62200 77,750
1991 09-Aug 24-Sep 47 86,496
1992 09-Aug 20-Sep 43 78,808
1993 08-Aug 28-Sep 52 42,922
1994 07-Aug 28-Sep 53 150,565
1995 10-Aug 25-Sep 47 241,855
1996 30-Jut 24-Sep 57 246,889
1997 09-Aug 23-Sep 46 80,423
1998 17-Aug 30-Sep 45 33,058
1999 10-Aug 24-Sep 46 14.229

2000 08-Aug 12-Sep 36 18,6521
b

30,084

Averages:

1981-85 30-Aug 24-Sep 26 67,054
1986-90 21-Aug 25-Sep 36 81,093 91,909
1991-99 08-Aug 25-Sep 48 108,361

2000 08-Aug 12-Sep 36 18,652 30,084

• The sonar-estimated escapement in these years was subsequently expanded to include fish passin~ prior

10 sonar operations (Barton 1995). Expansions for 1986-1988 and 1990 were based upon run timing dala

collected in the nearby Chandalar River. The 1989 estimate was expanded based upon aerial survey

survey observations made in the Sheenjek River prior to sonar operations in that year.

b The sonar-estimated escapement in 2000 was expanded to include fish passing subsequent to 12 September

when the project ended early due to low water. Expansion was based upon average run timing

observed for years 1986-1999.
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Figure 4. rial photographs of ill he njek River sonar proj ct site t k n 16 ugust 1999.
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Appendix A. Climatological and hydrotogical observatIons and miscellaneous comments made at the Sheenjek River project site. 2000
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" .....!Q! "
• P....aprtauon mCliI for U.~ 2...... penoCl. " .. None.. 8 .. ~lanl,..", C .. Cotuu:lus ....1n. D • _1Ild ,..., rniaeG. f • 1Igta~. f .. CClflllnUOl15,.....r... G ..~ wi or wiD prKlpilMlDfl

'~~Q)QI C .. a.. ..~~ tcAVU). S .. scat...a 1<6(N,I. B .. Bt'oWt 16().~.0 .. o-ust (100"'). f .. fog or thd nan or SlTdte
'1nsUnl__..CDkW CDdII

A. .. 0Mr. 8 ..~'Y rn.n.y or gL1dIl c .. Madn&8fr rr'Iirt1 or gIW»t. 0 .. HM'IIIy m&Ry or glial! f .. er-. t.noc lOG SUWl



Appendl. B Temporal dlSUIbutlof1 01' dally 5Onal" counts aunbuted to fall d1um salmoo In SheenjCk RIver, 2000

..... 08·"" 09-Aug la-Aug ll-Aug 12-Aug l3-Aug H-Aug lS.Aug 16-Aug 17-Aug l8-Aug 19-A.L1g 2Q.A.L1g 21-Aug 22-Aug

0100 • 12 • 3 2. 0 ,. 25 • .. •• 27 • 10
0200 2 , 3 3 27 11 20 • 15 .0 20 21 21 5.
0300 5 17 5 9 2 2. 1 12 ,. 35 ,. 22 30 •
0<00 23 5 17 10 • 9 " • 15 2 7 2. '0 '0 11
0500 55_2% 5 I. 2 1. • 29 55 9 1 9 .. 51 11 27
0600 2 9 1. " 15 2 29 1. 2 19 1 35 , 23
0100 " 2 2 25 3 • 9 5 • 3' 11 4 0 •0600 3 2 1 • • 0 0 3' 0 14 25 3. 11 2
0900 2 4 9 0 3 '0 15 29 10 12 73 32 14 11

'000 0 I 0 0 1 • 12 0 29 2 2 '0 2 5 14
1100 0 I , • 5 1 2 0 1 0 7 3 0 2 0
1200 0 0 ,. 0 14 2 0 5 • 5 ,. 5 I 19 2
'300 0 0 20 0 32 '0 11 1 1 9 29 • • ,. 0
1400 0 1 0 18 • , 0 3 35 9 13 '2 3 2 5

'500 0 0 0 1 0 • 3 1 " '3 11 13 5 • 11
1600 0 , 1 • 9 1 13 3 10 12 2. 12 3 '0 20
1100 0 1 • • • 7 3 • 3 11 • 21 52 2 30
1600 0 3 , 32 10 3. 12 , 3 Z3 12 1 5 • 27
1000 • 2 • 5 2 34 0 , 1 29 33 • '9 12 20
2000 0 1 0 0 I , 1 9 9 ,. • 24 12 19 5
2100 1 0 3 0 5 1 9 0 15 ,. Z3 ,. 7 11 •

N 2200 4 12 0 '0 0 1 3 1 Z3 '0 1 • 5 , •
00 2300 0 1 5 3 , 5 • 7 7 3. 51 5. 11 13 2.

2400 10 • 12 5 • 20 3 • 29 30 '0 27 1 93 27

42 " 153 150 ,., 231 11. 20' 342 2., '91 560 '0< 335 353

02" 0'" 0." 0." 1 0"
1 '"

09" I ,,,
1 ." "" 2 ." 3 0" 22" 1 ." 1 ."

- contll'lued-



Appen(ha B (p2ot))

Ho<K 23·Aug 24-Aug 25-Aug 26-Aug 27-Aug 28.Aug 29·Aug 30-Aug 31-Aug Ol.5ep 02.Sep 03-5ep 04-5ep 05-5ep 06-5ep

0100 2. 11 2 53 39 10 10 20 32 25 55 81 '" S< .2
0200 11 30 2. 11 32 2. " 11 31 S< '0 32 71 .5 58
0300 30 18 13 2< .. 23 29 92 19 18 50 8. 8. 1< '2
0<00 18 ,. 12 20 38 39 ., 9' ., 85 " 11 119 '0' S<

0500 38 '0 9 12 12 2. '8 121 .3 96 28 .8 8' 9' '8
0600 11 '0 1 2. 9 58 .. 58 39 .9 50 50 96 59 58
0700 32 28 2 1 19 7 10 20 15 5 S< .. 52 ., Z5
0800 21 9 2 2 5 Z5 Z5 11 " 20 33 ,. 32 97 15
0900 8 22 2 5 2 20 28 22 18 12 .5 1 ,. .0 32
1000 3 " 1 2 0 0 0 n 38 8 1 2 2 33 ,.
1100 1 2 1 0 0 1 1 5 • 15 18 • 1 8 13
1200 0 0 0 11 23 7 8 2 9 5 8 3 " 2

1300 2 1 ., • 21 3. 7 2< 11 3 12 • 1 55 •
"00 0 1 18 8 ., 35 2 9 5 1 19 • n • 9
1500 • " 1 12 52 22 22 • 15 0 8 7 • 3 3
1600 19 n 29 12 n 5 • 0 5 , 12 0 2 0 •
1100 5 20 19 • ,. 0 ,. 9 • , • 8 • 1 11

1800 ,. , 5 22 15 , • 28 1 1 8 5 2 • 1
1900 9 • 9 0 5 0 12 20 22 7 2 3 21 , 11

2000 0 1 19 35 5 , 1 • 1 • 12 10 , ,. 11

2100 9 0 , 21 5. 18 21 11 • 19 ., 37 11 ., ,
tv '200 • • 23 15 55 19 89 37 3' 25 33 21 119 52 "\D 2300 15 18 IS •• 21 " 22 59 30 23 83 •• 83 " 3.

2<00 " • 51 " " " 29 ,. 22 38 15 11 53 60 ..
3" 301 321 3.9 511 '8' 5" 781 558 583 755 10. 1.011 981 600

" .. 1 ... 17.. '0" " .. 2 ... '9" " .. 30" " .. ."" 3 8" .... 53,. 32..

• COfItinued -



Append... B (p 3 0'3)

..... 01-Sef' Q8.Sep Q9.Sep lo.sep 11-5ep 12·sep Total' ........
0100 55 ., 65 OJ <2 22 1.203 0065
0200 133 " 51 65 .. .. 1.245 0067
0300 34 96 .. .. 61 .. 1.314 0071
0.00 99 63 72 66 " .. 1.487 ooao
0500 .. 75 69 87 .3 .3 1.517 0082
0600 .. 96 20 52 63 •• 1.178 0063
0700 6' 101 75 38 27 3. 790 0042
0800 77 29 .. 5. 50 .. ... 0046
0900 33 .. 30 • 25 20 685 0031
1000 7 3. 22 17 7. 2< «3 0024
1100 • 5 3 2 15 3 1<3 0008
1200 1< 6 1 6 ,. 1 237 0,013
1300 6 5 2. 2 3 1 ". 0022
1<00 • .. 29 1< 2 10 .27 0023
1500 5 37 17 3 3 5 355 0019
1600 3 10 5 • 3 11 303 0016
1700 25 131 5 • 5 27 ••• 0026
1800 5 160 5 • 5 , >0< 0027
1900 22 5 3 5 0 5 3<3 0018
2000 ., 30 12 5 15 10 363 0020
2100 23 16' '0 .. 17 26 767 0041

W 2200 53 .3 " 6l 23 .. 1.029 DOSS

0 2300 132 6' '5 "' 25 55 1.2H 006.
2<00 108 « •• .. 17 36 1.252 0067

18.610 1"""
1.088 1.518 7.5 '31 703 726 18.6521-

5." 81% "" 50% 3 ." 39"

'Thrs lOtal InCludes mlly days With 2"..f'W:u" CountS (9 Aug lhrough 12 Sepl
• Estimated passage for ttllS block 01 lime uslO9 average hourly dtstnbutlOO to( the season

- Telal estlnulted passage inch.1de5 eJlpanded COUllS on 8 August



Appendix C. Field calibrations ror 1985-model Bendix sonar salmon counter, Sheenjek River 2000.

Tlmo """" Saw -- - C1ng T""" Passage Ratl
0010 St," ~ can can ,- PRR "'''' ",.go ",.go ("""""'I

'''''''' '" 17 • '.00> n"" I.' .... '000 ,.
11m 15 0 0 n."" ,. "'. 1000 0

"...... , 15 0 0 n"" I.' 98.. 1000 0
1m 15 • 0 o.soo I.' 98.. 100.0 ,.

1101 15 • • 0.667 n500 ••• 98.. '000 16
'732 28 12 13 0.923 n500 15 .... 100.0 26
2107 15 0 0 0.500 I.' ".5 100.0 0

"......
9 15 • 2 lOO> n500 I.' ... 100.0 "no 15 0 0 o.soo ••• "'. 100.0 0

1110 15 0 0 o.soo •• .... 1000 0
'Im 15 0 0 o.soo ,. "'. 100.0 0
2'03 15 0 0 0... ,. ... 100.0 0

'...... J 17 2 0 o.soo '.5 .... 1000 7
Ole

"
0 0 o.soo ,. .... .000 0

1101 15 0 0 o.soo 1.5 ... 100.0 0
1613 15 0 0 0.500 '.S ".S 100.0 0
2101 15 0 0 0.500 I.S ".S 100.0 0

'....... S 15 0 0 o.soo '.S ,... 100.0 0
6:1ll 15 0 0 n500 ,. .... .000 0

"'" 15 I 0 o.soo ,. .... '000 •1615 '8 • J 1.333 o.soo ,. .... '000 13
2104 '5 0 0 o.soo I. .... '000 0

'...... • 15 S 9 ll556 o.soo I.S .... '000 20
6JJ 15 10 8 '250 o.soo '.5 .... '000 ..

1101 15 0 0 o.soo ,. "'. '000 0
1732 17 2 2 '.00> 0'" I.S .... 100.0 7
21'" 16 0 0 0.500 1.5 87.5 89.0 0
2J4O 20 J 2 ,... n500 I.S 87.5 890 9

'....... 6J7 15 0 o.soo '.S 875 89.0 0
1101 15 2 ,00> o.soo I.S 87. 89D 8
1610 15 J loa> o.soo 1.5 87. 89D 12
21 •• 15 7 "<Xl o.soo 15 87. 89D 28

17...... S 15 0 0 o.soo ,. 87. 89D 0
813 '8 I 1 ,= o.soo 15 m 89.0 •

1102 16 , 1 100> o.soo 1.5 87. 89D •
.60' 21 • J ,00> o.soo '.S 87.S 89.0 17
2101 ,S 2 J 0.667 0."'" '.5 81.5 89.0 8
2315 .. " 27 M89 0.400 I.S 87.5 89.0 JJ

'..... 702 28 • • tOO> n."" I.S 87. 89.0 ,
"'" 15 2 0 n."" 15 87.5 89.0 8
'Ole 16 • 2 ,OX) n"" •• 87. 890 15
2103 15 2 0 n."" ,. 87. 89D 8

I...... 1 15 0 0 n"" I. 87. 89.0 0
70' 15 0 0 n."" I. 87. 89D 0

1115 20 0 0 n400 I.S 87. 89.0 0

'62' 2Il 7 7 ,00> n400 ,. 87. 89.0 21
2101 15 0 0 0."'" '.5 87. 89.0 0
2318 " 22 20 1.100 0."'" I.S 87.5 89.0 31

,..... 617 " 0 0.400 I.S 87. 89.0 0
1110 15 0 n"'"

,. 87. 89.0 0
'540 15 2 1.0X) n."" I. 87.S 89.0 8
2103 15 2 ,00> n."" •• 87. 89.0 8

21...... S 15 3 2 '''' n"" 1. 87. 89.0 12,.. 19 • • '.00> n400 ,. 87.S 89.0 13
7f11 23 0 0 n"" '.S 87. 89.0 0

1118 20 • ,. nll4J n"" 1.5 87. 89.0 Z7
'(00 20 8 5 1.200 0."" 1. 87. 89.0 '8
1601 ,S 0 0 n"" 1.5 87.S 890 0
2105 15 1 0 0."" 1.5 87.5 89.0 •

22...... • 15 5 5 1.00> 0.400 ,. 87. 89.0 20

'" '8 0 0 n"" I.S 87. 89.0 0
622 18 S 7 0.714 0"" I.S 87. 89.0 17

"'" 20 0 0 0."'" 1. 87. 89D 0
,0lQ 15 , , 1= n."" I. 87. 89.0 •
2103 15 0 0 0."'" I.S 87. 890 0

- continued -
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Appendix C. (page 2 ofJ)

TJmo Saopo """"
_I

Deod c.,. r"" P...RatI

Oo~ S"" """"'" """" """" r_ • RR ...... Ringe Rang• I_I

23-Aug • '" " 29 .'" • 4110 ,. 815 ... 38

3Zl 15 0 0 "00 1.' 87.5 ".0 0

'21 21 , , 1.000 "00 1.' 015 ..0 9

1118 ,. 0 0 04lI0 I.' 815 ... 0

"'" 15 • 3 ,m ..., 15 815 ".0 ,.
2101 15 , 0 ..., '5 815 ".0 •

,...." • 15 0 0 OAOO 1.' 015 ".0 0

"" 15 , 3 1.000 ..., 15 815 ... 12

637 ,. , 1 1.000 ..., I.' 815 ".0
,

1122 15 0 0 04lI0 " 015 ".0 0

"'" 15 , , 0.714 ..., 1., 81.' ".0 20

21" 15 0 0 ..00 1.' 015 119.0 0

231' .. , , '.011O ..., ,., 815 119.0 9

'.... J28 ,. .m ..., ,., 015 119. 2ti... t7 MOO ,., 015 119.0 0

1131 15 ..., ,., 015 800 0

1515 15 0.667 ..., ,., 015 ... 1.

2101 15 ..., '5 015 80.0 0

"""" ." 15 , , '000 ..., I.' 51.' 80.0 •
1118 t7 0 0 ..., I.' 51.' 80.0 0

,." 15 • , ..., MOO I.' 575 80.0 ,.
,.., 15 • 9 0.667 MOO ,., 575 ... "

"..... • ,. 0 I 0.'" I.' 51.' 119.0 0

'" JO 15 19 "80 ..., I.' 57.' 80.0 JO

." 15 , 1 ,.011O MOO ,., 175 80. •
"" 15 0 0 MOO I.' 575 80.0 0

1I1l' 15 0 , ..., ,., 57.' 80.0 0

210S 15 0 0 .'00 I.' 57.' 80.0 0

....... 10
" • , 1.143 MOO 15 575 80. 32

'" JO 15 Xl 0852 MOO 15 "5 ... '"'" 15 • • 1.011O 0500 15 57' ".0 "1101
"

11 10 1.100 0500 I.' 015 80.0 "1501 15 0 0 0500 I., Il75 80.0 0

2101 15 , • 0500 0500 15 "5 ... ",....., , 15 9 • 1.125 0500 15 "5 ... J6
328 JO " .. 0.874 0.500 I., 575 80.0 62

." 1. 11 15 0.133 0500 I.' 57.' ".0 J1
1125 15 , , 1.011O ..., I.' 815 ... •
1530 15 • • 1.011O .600 I., "5 "'0 1.

2OJO 15 , 1 2.011O 06lI0 I.' 575 ... •,.....,
" " 11 • 1.375 0.600 I.' 17.' ... "3Zl JO '" '" 1.000 O.6llO ,., "5 "'0 OJ

.'0 " • , '000 .600 '5 "5 ... ,.
1101 " 1 1 "XXI 0.600 ,., 575 ".0 •,." " 0 0 0.600 I.' .75 ".0 0
2101 JO OJ OJ '.000 0.600 1.' 17.' ".0 120

"..... 11 15 • • ."" .600 15 "5 80.0 "321 JO 31 " .156 .600 I.' Il75 80.0 62

831 " 0 0 0.600 I.' 815 80.0 0

"" 15 , 1 '000 0.600 I.' .75 80.0 •
lOll 15 2 0 .600 I.' 57.. ... •
2101 15 • , 1.333 .600 ," 81" 80. ,.

0'....
, 15 , , 1.000 .600 15 Il75 ".0 .,

502 1. 0 0 .600 ,., 815 ..0 0

IIl5 15 0 0 .600 15 815 ".0 0

1127 JO , 7 0.714 .600 15 815 800 '0

"OS 15 , 0 .... '5 815 ... "210S 15 1 0 .... I.' 815 ".0 •
02.... 10 JO " .. 1130 06lI0 ,., "'5 ".0 '"'" JO 25 " 0016 06lI0 '5 "'.. 80.0 '"... 15 9 22 0.... .600 '5 17.. ".0 J6

101 " 1 1 1.011O 0.625 1., 17.' ".0
,

"'" " 0 0 .625 15 .,.. 119.0 0

"., .. " 10 1200 '625 ,.. 17.. ".0
,.

2122 JO J6 .. 06lI0 ll825 ,.. 17.. 80.0 n
- continued -
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Appendix C. (page 3 of3)

nme 5a>po sa... ~ Oeod C"'" T"" ~Ral11

"'. Slatl DuratiO'l C<u>1 C<u>1 ,- PRR Range Range Range (flstlhlour)

0J.S0P 10 >l 51 " 1.133 0.625 1.' 87,5 ".0 102
310 >l 40 3Il

,_
0.625 1.' m ..0 '"lI05 15 , , 0J100 .625 15 875 ".0 16

1101 15 0 0 0625 15 875 ..0 0
1401 15 1 0 062S 15 875 "0 ,
2105 15 0 0 .625 15 875 ".0 0

04-S00 3 >l " 52 1.115 .625 15 875 IIlD "'m >l " q 102< .625 15 875 IIlD III

"" " 1 , 0.250 062S 15 875 ".0 ,
"13 16 , 2 '000 .625 1.' 875 "D "''''' >l 1 I 1.000 .625 15 875 ".0 2
21>l >l " 29 1.172 .625 1.' 875 IIl.0 68..... , >l " 38 1.079 .625 I.' 875 "0 B2
305 30 tiC 67 .896 0.625 1.5 875 ".0 120
625 >l 20 23 0870 0.625 1., 8'5 ".0 40

1137 18 , , 0.714 .625 1.5 81.S ".0 1.
ll105 15 0 0 '625 15 87.5 "D 0
2101 15 0 0 .625 15 875 ".0 0

ll&&1p 12 >l 28 " 0Jl2< .625 15 875 "D 56

"" >l '" 151 ll.'lIl7 062S 15 875 IIl.0 120... "
, , 1.000 0JI25 15 875 IIl.0 1.

lt01 17 a 0 0JI25 15 875 "D a
18>l 15 2 0 .825 15 875 III 0 8
2138 " 3 I 1000 0JI25 15 875 ".0 12

07.... 3 40 .. 31 l.J8' 0JI25 1.. m ".0 65
115 15 " :12 1545 062S 1.' 875 ".0 116
2Il3 15 12 2 8000 D.62S 1.5 875 ".0 48
305 " 37 25 1.'" .625 15 87.5 ".0 148
8>l 15 3 , 1.500 0.625 1.. 875 ".0 12

1124 15 , 2 2.500 .625 I.' 875 ".0 20
1538 15 , a D.62S " 875 ".0 1.
2100 IS • , '500 .625 1.5 87.5 ".0 36- 25 >l .. 52 1.Il32 D.62S 15 88.5 .,D 128
305 30 ., >l 1100 D.62S 15 88.5 ".0 56... >l 25 25 0.1l62 062S 15 88.5 ".0 50

1111 " 3 a D.62S 15 88.5 900 12
18>l 15 1 0 .625 I.' 88.5 ".0 ,
:1245 15 , , DJl33 062S 15 88.5 ".0 20- 29 ., ., ., 1.000 .625 1., 88.5 ".0 '"'" "

, , 1;1., .625 '.5 88.5 ".0 32
320 ., 37 " 0.902 .625 ,., ..., ".0 "'" "

, , ,.250 0.625 I.' 085 ".0 .,
''''' 15 0 a 0.625 1.' ..5 ".0 0
"40 15 2 , 1.000 .625 1.' "5 ".0 ,
2040 18 , , ...00 .625 1., ..., 900 23

1..... " 25 " .. 0856 0825 I.' 88.5 90.0 113
318 ., 27 .. 0561 0825 I.' 805 90.0 "... ., 24 40 0J100 0650 I.' 805 90.0 48

1100 15 1 0 0650 I.' 88.5 ".0 •
1... 15 a a 0650 15 88.5 lIlD 0
2Il35 17 , • 1500 0650 " 88.5 ".0 2'

11.... 15 32 31 29 1.... 0650 1.' 88.5 900 58

"" >l " .. 0.951 0650 I.' 805 900 52
lil5 >l 10 " 0588 .550 I.' 805 900 .,

1131 15 , 2 '.000 .550 1., ..5 90.0 8
1538 15 0 0 .550 I.' ..., 90.0 0
:1211 25 ,. 18 0.815 0.550 1.' 805 ".0 "2>14 15 , 21 0.'" 0.550 1., 88.' 90.0 28

".... 325 .,
" .. 1.200 0.550 I.' 805 90.0 lOll... ., ,. 20 0100 '550

"
..., 900 28

1245 15 , 0 0650 1.5 88.5 900 8

''''' 20 , 3 .'" .... I.' 88.5 90D •
2101 15 • 11 .m 0650 15 88.5 900 32

,,.... 3 '" 21 28 .750 0650 15 88.5 "'.0 q

T"" '" 1733 1.800 1,g.f,7 .9280
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Appendix O. Sonar-estimated escapement of faU chum salmon in the Sheenjek River. 1986-2000.

~<O lin U17 1"1 un 19'0 1"t un 1"] I". 1'15 19" 1"7 un 2000 "m
10-Ju1 no )O·Ju1
n·.rul ". ):·,Jul
01-lWg ." 01·Aug
02·-'09 ", 02-1011'11
Ol'AUg ... O)-Au!l
o••bg m 04.AUOJ
O!o-bg ... O!>-Aag
1)~·A"9 ". "-""9o'·l\.>.ag ,.. '" 01-Aug
0'·10"9 .. " I.!>!>. .. 01-10'"9
O,-Aulj '" no " m no H. " 0"A1l9
1.0·""9 II II I I '" m '" " ... on '" " m 10-A<og
11'1lIog '" '" '"

,,. on ." '" " '" u-~

11-ADg

el. I m '" '" '" ... m '" " '" 11-""'9
n-.wg I I nl '" m no ,.. '" m " m u-....
14 -Alog II I '" '" '" m no '" m .. no 14-""9
u-.... m no '" '" 1.0tS '" no .. '" 15-Aug

1l-""'lI II II II II '" m ,.. m on m ." " '" Il-A".g

11'''''9 ..
II db· II II '" 1,100 .., m ." '" '" .. .. '" 1 '-Aug

1I-""g '" ... 1,510 '" '" 1.1'U ". '" .. '" '" II-A...,.
lJ-lWg '" ... 1.00) no on 1.Ut ", no n no ... 19-.wg
20-Aorg 1.5U II II ~.

... 2,lt7 ... '" 2,105 I.~Cl ,.. " m ... 20-"""

21-"'"9 1,1'1 II .., II LOU l,7U '" n. 2,U:J 1.U" '" " no m n-""V
n-".. 1.0n II 1,027

~
1.11.' 1. "0 1.)51 '" ... 2.117 1.17' '" " .. '" n-"""

:n./W9 1.1" II ... 1,125 1.15.. 1.1" '" 1,"1 l,n!> 2.t12 ... .. no '" n-A"'!I

2 .. • ...... 1."U ~ ". 2.1" 1.'40 ... 1.190 '" 1.0)5 1.101 11,4.5' ... .. no '" 2.....ug

U·M>g 5.n.. ,.. no 2.321 1. '20 1,591 1,14.1 uo ... ...14.5 t,'" 1.05' .. '" '" 25-Aug

"-Aug •• 115 ,,. 1.U' 1.192 1.0.7 1.1'" on ... '" ......., 7,0).. 1.179 " '" ,.. U-'-J
:n-Aug l,.,n ". 1.20) 1.12' LoU 1,'''' 1.012 ". 2.91' I.l!>' ... s.s 2.12' .. ... m :n-'"'9
n-""" ... 111 '" 1.017 1.DO' I,JH 1.50' m '" J.I"7 ',11' 5.111 :J.UO '" no ... 2I-~

n_"", 5.150 ... ". m 1.105 1.111 on ... ... 01:1 •.•n 11 ,.5' 1 .... O' no ... u-~

)0-.....,. '.11' 1.tOO .,. 1.US on m 'n .., ......., .,.nl n.24.9 2,D" '" ,O' '" lD- ...."'"

W 11·lWg l ••• t 1.13' 1.512 on 1.'0, 1.1" ... ... 5.412 1.51'1 12.522 2.2SD '" '" ... )1-10,""
-Co 01-kP 2.101 ). ']1 1.5... 1.5'1 1.570 2.114. '" 1. on ,. '12 '."11<1 7.sn 2,Hl ". '" '" Ol-S.p

O2-S." 2.210 ),29!> 1,.'2 1.7st 1.1'5 1,74., no on ".195 !>.'U 1,121 2.111 '" ,.. '" 02_S.p
Ol-Sep I.'" 1.515 2.20) 1.1JJ 1.002 I, '0' 1,21'1 2.0'2 !>. '11 7.0 .. , .... 57 3.7tt '" '" ,.. O)·s.p
O"-S.p 2 ... 01 11.111 1.991 2 ••n 1.159 2.021 2,021 3.551 1,"1 '.115 S,Ul l .•0. '" '" l,on 0.-5ep
os-sep l"n 10.M2 1.10' 2.511 ... 2 ... .,1 2,on 2.0''1 2.U2 .. ,iUS 5.214. 1.152 m '" '" OS-aep..-... 2.215 S,t)' 1.-316 2.n' 1. n, 1.24.1 1.lS" 1.1l1 2"n I,D'" 5.1n 2.U1 '" '" .00 Ol-hp
07-se, 2.14.' 1I.U:.:z 1,54.2 ".21D 1.25' 1,,,'0 •• 200 2, .. 1 .. J, ". 1,152 1.'11 2.90t '" n. 1.011 07·Sep
U-Sep 2.UO U.U2 1.297 1.S11 1,011 2.110 1.0" 2.7'D 1.S17 '.111 I.))) ...... 2 ... '" 1.511 o._.sep
o,-kp 2 ...., ....., 1. ... 1 ....5. t,"1.1 4,201 •• 27.. 1.]OD 2.5" 5 ••0J J,ll' 2 ..... , • U ... '" u-sep
10·s.p l,Ul 'J.5n 1.0'1 '.051 ". ).5.. 1 1.20' '" 2.14.1 .. ,'5' ... 11" 1.n5 '" ... m 10-Sep
11-5ep 1."U 4.112 ... J.s51 t.1U :L211 1.115 .., 1.112 1.75' , ... ot 1, 511 ... ." '" l1·Sep
12-lllp 2,500 1,294. '" 1.4.14 1.131 1.111 ),n, .n 2.195 I.U7 ... n5 2.123 '" ." '" 12-S.p
U-s.p 1.'51 5.Ul m J.221 1. '01 1.119 ",04'1 '" 1,0" I,sn ,.,H 1.102 1.1'" ... ....n_ 11-5..,
H-s.p 2.'" .....5 '" 2 • .,n 2.1" 1.14.5 1,14.1 '" ).2.94. I,ll.. 5.'''' 2,911 1.120 '" ........ 14._.1."
u-... 2:.290 J.,n l,on 2,1:ll 2.0n ....n ".21' m J,S22 10,111 S,.O~ ).294. 1,201 '" lS·sep
lI-S¥p 1.099 4,111 1,21!> 2 ... ,. 2,115 ",2 ..0 ].2)2 .., 4,11.. '.O~I 7.171 2.ll1 2.151 '" 11·5"5'
n-Stlp 1. .... ... 111 1,941 1.0n 3.'" 2,72' 2,4.1.3 1.1U •• "U ,.on 11.111 2.11' 2 .• '2 no I 11-5ef
lI-sep 1. ...1 .. , 12~ 1.'11 2,0'0 1. ,ot 2,734 2,U' 1.051 l,2'" •• 525 ',150 2.101 2.107 ,., I lI-hp

tt·sep 1,54.1 2,ns 1.20' 1.1)' ~. 020 ].u, 2. '0' 1.15' '.500 ...." 10,.1.. 2.0" 2.511 ,.. 'I 1t-S..,
:to-.... '" 1.160 1, 151 2,121 :t.172 1.119

~
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• Early portion ~ Sheer1ek River tal dlum salmon run estimated Irom run tIn*1g and enuy pattem observed In the Chandalat Rivef (Bartoo 1995)

• Early portIOn of Sheenjek River fal chum salmon run estimated from aerial survey (Bar1On 1995),
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AppendIX E. Cumulative proportion of Sheenjek River sonar counts, 198&.2000.
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Eatty portlon of Sheenjek Rivet" fall chum salmon run estimated from run timing and enlr)' pattern observed in the Chandalar River (Barton 1995)
Early portion of Sheenjek Rivet" faU chum saJmon run estmated from aenalarv&y (Barton 1995)

c InterQuartikl range and median day of pa5sage(d) are shown fOf each year




